A fasciagraph consists in a sequence of copies of the same graph, each copy being linked to the next one according to a regular scheme. More precisely a fasciagraph is characterized by an integer n (the number of copies or fibers) and a mixed graph M . In a rotagraph, the last copy is also linked to the first one. In the literature, similar methods were used to address various problems on rotagraphs and fasciagraphs. The goal of our work is to define a class of decision problems for which this kind of methods works. For this purpose, we introduce the notion of pseudo-dlocal q-properties of fasciagraphs and rotagraphs. For a mixed graph M and a pseudo-d-local q-property P, we propose a generic algorithm for rotagraphs (resp. fasciagraphs) that computes in constant time a closed formula as a boolean function τ (resp. ϕ) on N. For all n ∈ N τ (n) = 1 (resp. ϕ(n) = 1) if and only if the rotagraph (resp. fasciagraph) of length n based on M satisfies P.
Introduction
In algorithmic graph theory, operational research, and combinatorial optimization, most of the studied problems are N P-hard problems. Nevertheless, some of them become easier (polynomial) if their study is restricted to particular subclasses of graphs (trees, planar graphs, graphs of bounded tree-width, etc.). Among those classes of graphs, grids are widely studied in the literature, especially to represent interconnexion models of multiprocessors in VLSI systems (see the survey [11] ). Fasciagraphs and rotagraphs have been introduced to model different problems of polymer chemistry (see [2] , [5] , [7] ). These classes of graphs generalize grids.
In the literature, several N P-Hard problems are shown to be much easier (sub-linear) when restricted on rotagraphs and fasciagraphs, or subclasses of them. The method shared by these papers is the following. Given a mixed graph M , a closed formula is computed by looking for paths or circuits of given length in an auxiliary directed graph. Then this formula enables to solve the problem for the fasciagraph (or rotagraph) based on M of length n for any n (see [1] , [3] , [4] , [5] , [6] , [7] , [8] , [9] , [10] , [12] , [13] , [14] ).
However in each of these papers, a proof is given to explain the validity of this approach to address the considered problems on fasciagraphs or rotagraphs.
The goal of our work is to give a theoretical framework to characterize the class of problems for which this method can be used. An attempt to give such Definition 8. Let G = (V, E) be an undirected graph and u be a vertex of G. The neighborhood of u in G, denoted by N G (u), or N (u) if there is no ambiguity, is the set of vertices of G linked to u by an edge: v ∈ N G (u) ⇔ uv ∈ E. Definition 11. Given a mixed graph M = (V, E, A) and an integer n ≥ 2, the fasciagraph ψ n (M ) is the undirected graph defined in the following way:
• V (ψ n (M )) = n i=1 V i where V i = {v i |v ∈ V } for i ∈ {1, ..., n},
• E(ψ n (M )) = n i=1 E i ∪ n−1 j=1 A j where E i = {u i v i |uv ∈ E} for i ∈ {1, ..., n} and A j = {u j v j+1 |(u, v) ∈ A} for j ∈ {1, ..., n − 1}.
We will say that a graph F is a fasciagraph if there exists an integer n ≥ 2 and a mixed graph M such that F = ψ n (M ) (see Figure 2) . Remark 1. The fasciagraph ψ n (M ) is made up of n copies of the undirected graph (V, E), connected according to a scheme defined by the set of arcs A. In particular, for all i ∈ {1, ..., n}, the graph M i = (V i , E i ) is isomorphic to the graph (V, E).
Remark 2. Fasciagraphs generalize grids. Indeed, the graph associated to a grid of size m× n is isomorphic to the fasciagraph ψ m (M ) where M = (V, E, A) with V = {v 1 , ..., v n }, E = {v i v i+1 |i ∈ {1, ..., n−1}}, and A = {(v i , v i )|i ∈ {1, ..., n}}.
Definition 12. Given a mixed graph M = (V, E, A), and an integer n ≥ 2, the rotagraph ω n (M ) is the undirected graph defined in the following way: a2   a3  a1  b2  b3  b1   c2  c3  c1   d2  d3  d1  e2  e3  e1   f2  f3  f1   g2 g3 g1 •
We will say that a graph R is a rotagraph if there exists an integer n ≥ 2 and a mixed graph M such that R = ω n (M ) (see Figure 3) . a2  a3  a1  b2  b3  b1   c2  c3  c1   d2  d3  d1  e2  e3  e1   f2  f3  f1   g2 g3 g1 Remark 3. In other words, given a mixed graph M = (V, E, A) and an integer n, the rotagraph ω n (M ) is isomorphic to the graph obtained by adding to ψ n (M ) a set of edges from the last fiber to the first one according to the scheme defined by A.
Definition 13. Given a rotagraph ω n (M ), or a fasciagraph ψ n (M ), the undirected graph M i = (V i , E i ) for i ∈ {1, ..., n} is called the i-th fiber of this rotagraph or fasciagraph.
3 Decision problems and q-properties of rotagraphs Definition 14. Given a graph G = (V, E), we define a q-labeling as follows:
• a q-labeling of G is a function f : V ∪ E → {1, ..., q},
• a q-labeling of the vertices of G is a function f : V → {1, ..., q},
• a q-labeling of the edges of G is a function f : E → {1, ..., q}.
We denote by F q (G) the set of q-labelings of G.
Definition 15. Let P be a property of graphs. We will say that P is a q-property if there exists a property P ′ on q-labelings of graphs such that, for every graph G:
G has the property P if and only if there exists f ∈ F q (G) such that f has the property P ′ . Then we will say that P ′ is the characteristic property of labelings associated to P.
In the rest of the paper, the q-properties that we use, will be given directly as their characteristic labeling property.
Substituting in the above definition the word "graph" by the word "rotagraph" (resp. "fasciagraph"), we obtain the definition of a q-property of rotagraphs (resp. of fasciagraphs).
Definition 16. Given a q-property P, we denote by P(G) ⊆ F q (G) the set of q-labelings of G satisfying the characteristic property of P. In other words, G has the q-property P if and only if there exists f ∈ P(G).
Examples
• The property "to be k-colorable": a graph G is said to be k-colorable if its vertices can be colored using at most k colors avoiding adjacency between vertices of the same color. We notice that this property, denoted by C k is a k-property. Indeed, it corresponds to a k-labeling of the vertices of G such that no two adjacent vertices are labeled the same.
• The property "to contain a perfect dominating set": a graph G = (V, E) has a perfect dominating set if there exists W ⊆ V such that W is an independent set, and every vertex out of W has exactly one neighbor in W . We notice that this property, denoted by D 2 , is a 2-property. Indeed it is characterized by 2-labelings of the vertices of G satisfying the following property D ′ 2 : each vertex is uniquely-dominated by the set of vertices of label 1.
• The property "to have a total q-coloring bounded by b" (for some integers q and b): a fasciagraph ψ n (M ) has a total q-coloring bounded by b if there exists a q-labeling of the vertices and edges of ψ n (M ) such that:
-adjacent vertices have different labels,
-adjacent edges have different labels,
-incident vertex and edge have different labels,
-for each fiber, the sum of the labels of its vertices is less than or equal to b.
Remark 4. The two first examples above are properties of graphs, whereas the third one is a property of fasciagraphs since it uses the notion of fiber. We also notice that for the two first examples, there are no constraints for the label on the edges. For that kind of q-properties, F q (G) could be restricted to be the set of q-labelings of the vertices of G.
Similarly for q-properties characterized by q-labelings of edges, one could restrict F q (G) to be the set of q-labelings of the edges of G.
All the results below are still valid with these alternative definitions of F q (G).
Definition 17 (Partial q-labeling of a fasciagraph q-labeling). Let M = (V, E, A) be a mixed graph, n ≥ 2, k ≥ 1 and f ∈ F q (ψ n (M )). We denote by f i,k the partial q-labeling of f which is the restriction of f on the k consecutive fibers
Definition 18 (Partial q-labeling of a rotagraph q-labeling).
Let M = (V, E, A) be a mixed graph, n ≥ 2, 1 ≤ k ≤ n − 1, and f ∈ F q (ω n (M )). We denote by f i,k the partial q-labeling of f which is the restriction of f to the k consecutive fibers from fiber M i , (i ∈ {1, ..., n}).
, the result of the d-concatenation of f and Figure 4) . If there is no ambiguity, we will write
In [8] Klavžar and Vesel define two notions of heredity and d-locality of q-properties (see the Appendix). These notions exclude several classical properties such as dominating properties (perfect domination, identifying codes...). In order to cover a wide range of problems, including in particular perfect domination, identifying codes, (2,1)-labelings, etc., we define a different notion of locality: the pseudo-d-locality.
Definition 20 (Pseudo-d-locality for rotagraphs). For an integer d ≥ 2, a qproperty P q of rotagraphs is said to be pseudo-d-local if there exists a q-property P loc q on fasciagraphs of length d such that for every mixed graph M = (V, E, A), for every integer n > d, and for every q-labeling f ∈ F q (ω n (M )),
Example Let us consider the 2-property D 2 of perfect domination defined in the previous paragraph. This property is a pseudo-3-local 2-property. Indeed, for every mixed graph M = (V, E, A) and for every 2-labeling f ∈ F 2 (ψ 3 (M )), we define the 2-property D 
4 Resolution method for pseudo-d-local q-properties of rotagraphs
Given a mixed graph M = (V, E, A) and a pseudo-d-local q-property P q of rotagraphs, we define the directed graph G(M, P q ), that we will denote by G if there is no ambiguity, as follows:
•
(for all vertices u and v of G not necessarily distinct). 
In the rest of the paper, we will use the same letter to indicate a vertex of G and the q-labeling that refers to it. We will then say "the vertex x" and the "q-labeling x". 
Circuits of the auxiliary graph
Here, we give a necessary and sufficient condition, based on the existence of directed circuits on the auxiliary graph, for a rotagraph ω n (M ) to verify a pseudo-d-local q-property P q . Theorem 1. Let M = (V, E, A) be a mixed graph, and P q be a pseudo-d-local q-property. For all n > d, P q (ω n (M )) = ∅ if and only if there exists in G(M, P q ) a directed circuit of length n.
Proof.
1. Let us show first that if there exists a directed circuit in G of length n, then P q (ω n (M )) = ∅. So let γ be a circuit in G: γ = u 1 , ..., u n , u 1 . By construction of G, the q-labelings u 1 , ..., u n belong to
. From g we define a q-labeling h ∈ F q (ω n (M )) as follows:
property, then the q-labeling h belongs to P q (ω n (M )).
Then let us show that if
, and so
Circuits detection
In this section, we remind a well-known boolean algebra method that allows to establish the existence of directed circuits of given length in a directed graph G from its adjacency matrix.
We denote by M n ({0, 1}) be the set of n × n binary matrices for n ∈ N. Given two elements A, B in M n ({0, 1}), we define the product operation on A and B whose result is a matrix of M n ({0, 1}) denoted by A.B such that: (A.B) ij = n k=1 (A ik ∧ B kj ) for i, j ∈ {1, ..., n} where ∨ and ∧ are the logical operators "or" and "and".
Notice that the product is associative. Given a matrix A ∈ M n ({0, 1}) the operation A.A. ... .A n times is denoted by A n .
The following property is well known:
Property 2. Let Π be the adjacency matrix of a directed graph G and k be any positive integer. For each i ∈ {1, ..., n} we have:
The next Lemma, is also well known and used to get constant time algorithms to address problems on fasciagraphs and rotagraphs.
Lemma 3. Let n ∈ N and C ∈ M n ({0, 1}). There exists two integers u and P such that, starting from C u , the sequence of powers of C is periodic of period
Proof. There exists 2 n 2 distinct matrices in M n×n ({0, 1}). For every integer k,
, there exists two equal elements.
Let C T be the first duplicated element of this sequence, that is T is such that C k = C l for all integers k, l ≤ T − 1, and there exists a unique integer
is the sequence of the P consecutive powers of C from u to T − 1. So, for every integer k ≥ T ,
Presentation of the algorithm
In this section, we propose an algorithm that, given a mixed graph M = (V, E, A), a pseudo-d-local q-property P q and an integer n, decides if ω n (M ) satisfies P q . In order to make this algorithm feasible, the following condition is essential: Checkability condition: A pseudo-d-local q-property is called "checkable" if there exists a procedure which decides in finite time if an element f of F q (ψ d (M )) belongs to P loc q (ψ d (M )) for any fixed mixed graph M .
Remark 5. In all of our previous examples, the q-properties are checkable.
The algorithm is made of two parts: given a mixed graph M and a pseudod-local q-property P q , a preprocess that is executed only once computes the closed formula, and another part which uses the closed formula to decide, for any given n, if ω n (M ) satisfies P q . Theorem 4. Given M = (V, E, A) a mixed graph and P q a checkable pseudo-dlocal q-property, Algorithm 1 gives, in an execution time independent of n, the formula τ that allows Algorithm 2 to decide if P q (ω n (M )) = ∅ for all integers n : P q (ω n (M )) = ∅ if and only if τ (n) = 1.
Computation of the vertex set V :
Computation of the set of arcs A and adjacency matrix Π of G:
Computation of powers of Π:
Computation of T :
end Algorithm 2: An answer to the question: Does there exist a q-labeling f ∈ P q (ω n (M )
end Proof. By Theorem 1, we know that P(ω n (M )) = ∅ if and only if there exists a directed circuit of length n in the directed graph G, or in other words, if and only if there exists i ≤ |V ( G)| such that (Π n ) ii = 1. Thanks to Lemma 3 we know that for n ≥ u, there exists in G a directed circuit of length n if and only if there exists one of length u+((n−u) mod (P )). For all n < P +u, there exists a directed circuit of length n in G if and only if T [u + ((n − u) mod (P ))] = 1. Let τ be the following closed formula:
Then τ is such that for all n, τ (n) = 1 if and only if P(ω n (M )) = ∅.
The execution time of Algorithm 1 is independent of n, and depends only on the mixed graph M = (V, E, A) and on the property P q . Since the mixed graph and the property P q are fixed, Algorithm 1 is executed only once. Then, the output of this algorithm (integers u and P and the vector T ) is fixed. It won't ever change whatever the value of n. So Algorithm 1 gives, in a constant time (independent of n), the formula that allows Algorithm 2 to decide if P(ω n (M )) = ∅ or not.
Decision problems and q-properties of fasciagraphs
In this section we present, for fasciagraphs, results similar to those developed for rotagraphs. The notion of pseudo-d-locality for the case of q-properties of fasciagraphs is slightly more complex than in the context of q-properties of rotagraphs since it is necessary to deal with "side effects". We are redefining it as follows:
Definition 21 (Pseudo-d-locality for fasciagraphs). For an integer d ≥ 2, a q-property P q of fasciagraphs is said to be pseudo-d-local if there exists three q-properties P 1 q , P 2 q and P 3 q on fasciagraphs of length d such that for every mixed graph M = (V, E, A), for every integer n > d, and for every q-labeling f ∈ F q (ψ n (M )),
Here, the q-property P 2 q plays the same role as the q-property P loc q presented in the definition of pseudo-d-locality for the case of rotagraphs, P 1 q and P 3 q being defined only to deal with side effects. D 2 is also a pseudo-3-local 2-property of fasciagraphs. Indeed, for any mixed graph M = (V, E, A) and 2-labeling f ∈ F 2 (ψ 3 (M )), we define D the following 2-properties of fasciagraphs on 3 fibers:
It is easy to see that a 2-labeling f of a fasciagraph ψ n (M ) corresponds to a perfect dominating set if and only if The construction of the directed graph G(M, P q ) for pseudo-d-local q-properties of fasciagraphs is similar to the one for rotagraphs.
Given a mixed graph M = (V, E, A) and a pseudo-d-local q-property P q of fasciagraphs, we define the directed graph G = G(M, P q ), that we will denote by G if there is no ambiguity, as follows:
• the vertices of G are the q-labelings in P
and two special vertices s and t:
• for any q-labelings u and v not necessarily distinct:
Remark 6. Notice that a same vertex can satisfy several properties among P 1 q , P 2 q and P 3 q (see Figure 7 ). 
Directed paths of the auxiliary graph
Here, we give a necessary and sufficient condition, based on the existence of directed paths on the auxiliary graph, for a fasciagraph ψ n (M ) to verify a pseudo-d-local q-property P q .
Theorem 5. Let M = (V, E, A) be a mixed graph and P q be a pseudo-d-local q-property. For all n > d, P q (ψ n (M )) = ∅ if and only if there exists in G(M, P q ) a directed path from s to t of length n − d + 2.
Proof. We show that there is a 1-to-1 correspondence between labelings in P q (ψ n (M )) and some paths of G.
Let us show first that if there exists a directed path
, and u n−d+1 ∈ P 3 q (ψ d (M )). Let g = u 1 ⊲ ... ⊲ u n−d+1 . Since P q is a pseudo-d-local qproperty, then the q-labeling g belongs to P(ψ n (M )).
2. Then let us show that if P q (ψ n (M )) = ∅ then there exists a directed path from s to t in G of length n − d + 2. So assume there is g ∈ P q (ψ n (M )). Since P q is a pseudo-d-local q-property, then g is such that
) for all i ∈ {2, ..., n − d}, and
is a vertex of G for all i ∈ {1, ..., n − d + 1}, and (s, g 1,d ) and (g n−d+1,d , t) are arcs of G. Moreover, for all i ∈ {1, ..., n − d}, (g i,d , g i+1,d ) ∈ A( G). Thus, there exists in G a directed path from s to t of length n − d + 2.
Paths detection
The algorithm is based on the same method of boolean algebra used for the q-properties of rotagraphs. Let Π be the adjacency matrix of the directed graph G and k be any positive integer, there exists a directed path in G of length k from i to j if and only if (Π k ) ij = 1. In the same way as before, it only remains to notice that there exists a period in the sequence of powers of Π. Moreover we need to keep only one row vector up to date rather than the entire matrix. Indeed, we just need to know if there is a path in G from s to t: Figure 8 : Visualization of the pseudo-period of powers of matrices.
Definition 22. Given an integer n, a matrix C ∈ M(n × n) and an integer i ≤ n, we denote by C(i) the i-th row vector of C.
Lemma 6. Let n ∈ N, C ∈ M n ({0, 1}) and i ≤ n. There exists two integers u and P such that for all k ≥ u, C
Proof. There exists 2 n distinct binary vectors of size n so, given an integer i, there exists two equal elements in the sequence C(i), C 2 (i), ..., C 2 n +1 (i). Let C T (i) the first duplicated element of this sequence, that is T is such that C k (i) = C l (i) for all integers k, l ≤ T − 1, and there exits a unique integer u ≤ T − 1 such that C u (i) = C T (i). Let P = T −u. Then the sequence of i-th rows of powers of C is C(i),C 2 (i),...,
] is the sequence of the i-th rows of the P consecutive powers of C from u to T − 1. So, for every integer k ≥ T ,
Presentation of the algorithm
In this section, we propose an algorithm that, given a mixed graph M = (V, E, A), a pseudo-d-local q-property P q and an integer n, decides if ψ n (M ) satisfies P q . In order to make this algorithm feasible, the following condition is required: Checkability condition:A pseudo-d-local q-property of fasciagraphs, is called "checkable" if there exists a procedure which decides in finite time if, a given q-labeling of a fasciagraph of size d satisfies P
The algorithm is made of two parts: a preprocessing that is executed only once, and another part corresponding to the response algorithm using results of the preprocess. This algorithm is similar to the one presented before for rotagraphs.
Theorem 7. Given M = (V, E, A) a mixed graph and P q a checkable pseudod-local q-property, Algorithm 3 gives, in an execution time independent of n, the closed formula ϕ that allows Algorithm 4 to decide if P q (ψ n (M )) = ∅ for all integers n : P q (ψ n (M )) = ∅ if and only if ϕ(n) = 1.
Proof. By Theorem 5, we know that P(ψ n (M )) = ∅ if and only if there exists a directed path from s to t of length n − d + 2 in the directed graph G, or in other words, if and only if Π n−d+2 (s) t = 1. Thanks to Lemma 6 we know that for n ≥ u, there exists in G a directed path from s to t of length n − d + 2 if and only if there exists one of length u + ((n − d + 2 − u) mod (P )). However for all n − d + 2 < P + u, there exists a directed path of length n − d + 2 in G if and only if T [u + ((n − d + 2 − u) mod (P ))] = 1. Let ϕ be the following closed formula: ϕ(n) = 1 ⇔ T [u + ((n − u) mod (P ))] = 1. Then ϕ is such that for all n, ϕ(n) = 1 if and only if P(ψ n (M )) = ∅.
The execution time of Algorithm 3 is independent of n, and depends only on the mixed graph M = (V, E, A) and on the property P q . Since the mixed graph and the property P q are fixed, Algorithm 3 is executed only once. Then, results of this algorithm (integers u and P and the vector T ) are as well fixed. They won't ever change whatever the value of n. So algorithm 3 gives, in a constant time (independent of n), the formula that allows Algorithm 4 to decide if P(ψ n (M )) = ∅ or not. 
Computation of the vectors of the s-th row of powers of Π:
Computation of the new vector Π i (s):
end Algorithm 4: An answer to the question: Does there exist a q-labeling f ∈ P q (ψ n (M ))? Data: An integer n, the vector T , integers u and P obtained by Algorithm 3 Result: Yes if there exists f ∈ P q (ψ n (M )), No otherwise begin if n < u then k ← n;
Conclusion
In this paper, we gave a theoretical framework that allowed us to to unify and expand, under a generic approach, results already known concerning solving methods of several combinatorial problems for the class of rotagraphs and fasciagraphs (see [1] , [3] , [8] , [9] , [10] , [12] ). In the first section, we have given all definitions needed to the comprehension of our approach. We have introduced pseudo-d-locality from the point of view of q-properties of rotagraphs. Then we have shown that for all checkable pseudo-d-local q-properties, there exists a method which, given a fixed fiber M , gives in constant time, a closed formula allowing to decide, for every integer n, if the rotagraph ω n (M ) satisfies these properties. Finally, we showed similar for the case of q-properties of fasciagraphs.
In a future paper, we will adapt our method for optimization problems and implement it to some cases with small size of fiber, as it has been done in [8] , [12] and other papers. We will furthermore propose an alternative approach using Monadic Second Order Logic in order to propose other algorithms and give another characterization of pseudo-d-local q-properties.
Definition 24. Let d ≥ 2 be an integer. A q-property P q is said to be d-local, if for any rotagraph ω n (M ) and for any q-labeling f ∈ F q (ω n (M )) 5 ,
In [8] , notions of heredity and of d-locality of q-properties for the case of q-properties of fasciagraphs are also defined.
Proposition 8. The q-properties of rotagraphs which are both hereditary and d-local, are also pseudo-d-local q-properties of rotagraphs.
Proof. Let P q be a hereditary and d-local q-property of rotagraphs. By Definition 20, P q is also pseudo-d-local with P loc q = P q .
Proposition 9. The q-properties of fasciagraphs which are both hereditary and d-local are also pseudo-d-local q-properties of fasciagraphs.
Proof. Let P q be a hereditary and d-local q-property of fasciagraphs. By Definition 20, P q is also pseudo-d-local with
The directed graph D d (M, P q ) Given P q a hereditary and d-local q-property of rotagraphs, and ω n (M ) a rotagraph (n ≥ d+1), the directed graph D d (M, P q ) is defined as follows: vertices are q-labelings of P(ψ 2 (M )), arcs are defined according to the value of d: We present below, with our vocabulary, the assertion presented in [8] under the denomination "Theorem 1": Assertion 10. Let P q be a hereditary and d-local q-property, and let ω n (M ) be a rotagraph (n ≥ d + 1 ≥ 3). The set P q (ω n (M )) = ∅ if and only if D d (M, P q ) contains vertices f 1 , f 2 , ..., f n (not necessarily distinct) such that, for all i ∈ {1, ..., n}:
For d ∈ {2, 3}, the Assertion 10 is correct as proved in [8] . It can also be easily deduced from our previous results (Propositions 8 and 9 and Theorems 1 and 5).
For d ≥ 4 the proof of Assertion 10 is not correct. We present a counterexample for d = 5 which can be generalized for any d ≥ 5. For that purpose, we define the 2-property Cent 2 of (rota)graphs as follows:
Definition 25. Let G = (V, E) be an undirected graph. A chain in G is a path where no vertex appears twice.
A (rota)graph R verifies Cent 2 if and only if there exists a 2-labeling f of R such that for any chain v, w, x, y, z, we have f (v) = f (w) = f (y) = f (z) = 1 and f (x) = 2 (see Figure 9 ). Moreover, it is easy to check that, a graph that contains a chain on 6 vertices, can't satisfy the property Cent 2 . Let us build the directed graph D 5 (M, Cent 2 ) (see Figure 11 ) : The arc (Z, Z) (dotted in figure) is a d-arc. Indeed the 2-labeling g = Z ⊲ 1 Y ⊲ 1 W ⊲ 1 Z is such that g ∈ Cent 2 (ψ 5 (M )).
The function g = Z ⊲ 1 Z ⊲ 1 ... ⊲ 1 Z satisfies both conditions of the assertion, and yet, for every n ≥ 6, ω n (M ) does not satisfy Cent 2 , since it contains a chain of 6 vertices. Les cahiers Leibniz ont pour vocation la diffusion des rapports de recherche, des séminaires ou des projets de publication sur des problèmes liés au mathématiques discrètes.
